SUMMARY
The use of the cuffed tracheal tube (TT) is standard practice where facilitation of positive pressure ventilation and/or protection of the airway from aspiration of stomach contents are required. The pressure exerted by the inflated cuff on the tracheal mucosa, that is, the cuff-tracheal pressure (CTP) 1, 2 , may be responsible for a range of adverse consequences, including sore throat and hoarseness [3] [4] [5] [6] [7] . High CTP may arise during anaesthesia with nitrous oxide because the intra-cuff pressure will increase due to net influx of nitrous oxide into an airfilled cuff. Experiments both in vitro and in vivo have demonstrated that many cuffs show differential permeability to nitrogen and nitrous oxide and that this net influx of nitrous oxide can produce high intra-cuff pressures when air is used [8] [9] [10] [11] . Intra-cuff pressure is more commonly estimated than the more directly relevant CTP because it is technically easier.
However, when the TT cuff is of greater diameter than the trachea, the cuff material is not stretched and CTP can be equated with intra-cuff pressure 2 . The incidence of sore throat and hoarseness following short-term intubation remains unclear. Previous work suggests it may lie anywhere between 10% and 100%, but there is wide disparity concerning the definition of these terms and the appropriate method of assessment [5] [6] [7] [12] [13] [14] . TT cuff design, TT diameter and cuff lubrication at intubation are important aetiological factors, but others, including CTP, have been suggested. CTP is of primary importance in the prevention of tracheal damage during long-term intubation and many techniques have been developed to limit the CTP in the clinical setting [15] [16] [17] [18] [19] [20] [21] . While avoidance of high CTP may be desirable to minimize the risk of more serious complications of tracheal intubation such as acute tracheal rupture or the development of tracheal stenosis, it has never been established that high CTP is associated with postoperative sore throat or hoarseness. Similarly, neither the magnitude of any increase in CTP secondary to the influx of nitrous oxide, nor the efficacy of the simple substitution of saline for air to inflate the cuff has been established, although such a study has been previously suggested 22, 23 . The aim of this randomized, controlled study was to compare the incidence of postoperative sore throat and hoarseness when saline or air is used to inflate the cuff. In addition we aimed to demonstrate that the use of saline will prevent significant increases in the CTP over time.
METHODS

Subjects
After obtaining Institutional Ethics Committee approval and written informed consent, 126 patients undergoing operative procedures in the supine position were studied in a single institution. Four specialist anaesthetists contributed patients to the study and all patients in each of their lists were considered for inclusion. Patients were included if they were ASA 1-3, aged 18 years or older and scheduled for operations below the neck which were expected to last longer than one hour and where the anaesthetist's usual technique involved general anaesthesia and single-lumen tracheal intubation. Patients were not eligible for inclusion if there was an indication for prolonged intubation postoperatively. Recruitment continued for eight months, during which time 128 of 158 eligible patients were randomized into the study. A nominated investigator, not otherwise involved in the study, allocated the patients to have the TT cuff inflated with air or saline in random permuted blocks of six using a random number table and informed the anaesthetist of allocation only immediately prior to induction of anaesthesia. Two randomized patients were not subsequently anaesthetized and are not included in the analysis.
Anaesthetic Technique
Each anaesthetist was permitted to use his/her technique of choice for premedication, induction and maintenance of anaesthesia. Laryngoscopy was performed by the specialist anaesthetist or registrar in training with a standard size 3 or 4 Macintosh metal blade and oral intubation achieved with an unlubricated Mallinckrodt Lo-Contour plastic TT (Mallinckrodt Medical, Athlone, Ireland), 8.0 mm internal diameter in males and 7.5 mm internal diameter in females.
Following placement of the TT, the cuff was inflated slowly (using air or saline) by the assistant (nurse or anaesthetic trainee) until no leak was heard by the anaesthetist on inflation of the lungs. The cuff was inflated using a three-way stopcock, extension tubing and connection to a pressure transducer after the method of Cox and Schatz 24 ( Figure 1 ). This method eliminates false low readings due to compression of the dead space air in the manometer and tube system by the simple manoeuvre of inflating the cuff with the three-way tap also open to the pressure transducer. The TT cuff used allows the assumption that intra-cuff pressure after sealing is equivalent to CTP because the diameter of the cuff exceeds that of the trachea and the cuff is not stretched 2 .
Once a seal had been achieved and the TT secured, the pressure transducer (Transpac IV monitoring kit, Abbott Critical Care Systems, Sligo, Ireland) was connected, zeroed and the mean pressure during expiratory pause recorded on a Datex Engstrom AS/3 monitor (Instrumentarium Corp., Finland). No further observation of cuff pressure was made until just prior to administration of atropine and neostigmine to reverse residual neuromuscular blockade at the end of the procedure. Anaesthesia was maintained with a volatile agent and nitrous oxide at a concentration of 67%.
The following data were recorded during the surgical procedure: times of intubation and extubation, nature of procedure, administration of antisialogogue premedication, number of times the laryngoscope was inserted during intubation, presence or absence of a gastric tube, administration of intraoperative opioids, demographics and any excessive coughing, bucking or traumatic intubation/extubation.
Outcome Assessment
At a single interview between 24 and 30 hours postoperatively, the observer (always the same individual) assessed each subject and chart while unaware of the group to which any subject had been allocated. At this interview sore throat and hoarseness were estimated using continuous visual analogue scales (VASs) positioned by the subject. This involved the patient locating a pointer on a concealed scale from 0 (no problem) to 100 (most severe problem imaginable), once specifically for each potential complaint. These assessments were of their status at the time of interview rather than during the previous 24 hours. In addition, each subject was asked by direct questioning if their combined degree of sore throat and hoarseness was a significant part of their postoperative discomfort (yes or no). A review of the chart was made and the dose of opioids given in the first 24 hours from induction was recorded as a morphine equivalent dose according to a published table of relative potency 25 . Oral non-opioid analgesic use was not recorded and no patient received parenteral nonopiate analgesia.
Statistical Power and Analysis
Review of the literature and informal patient assessment at this hospital suggested the rate of sore throat in the control group was likely to be about 40% [5] [6] [7] 12 . We considered a clinically significant benefit of using saline would be a reduction in this rate to 15% to 20%. Consultation with a table for sample size calculation suggested enrolment of 124 patients would achieve a power of 80% to detect, at the 0.05 significance level, such a reduction 26 . Statistical analysis was performed using the NCSS 6.0.12 statistics package and Microsoft Excel 97. Data were analysed using chi-square statistics for difference in proportions, (normal approximation method for larger samples), Wilcoxon Rank Sum Test for the comparison of non-parametric data and Student's t-test for comparison of parametric data. Differences detected were considered to be statistically significant at a two-sided P-value of less than 0.05. Possible confounders were examined by stratified analysis using the Mantel Haenszel technique.
RESULTS
An ongoing audit of all eligible patients presenting for surgery during the study period yielded an enrolment rate of 87.5% (18 eligible patients were not enrolled). Of the 126 subjects enrolled in the trial, one was not available for statistical analysis due to failure to interview within 30 hours postoperatively. The distribution of demographic data and known potential confounders are listed in Table 1 . Gastric tubes were placed less often in the air group (68.3%) than in the saline group (87.1%) and so the influence of this potential confounder was examined. For all other factors randomization resulted in an even distribution between the groups. There was 100% allocation compliance. Figure 2 shows the distribution of sore throat and hoarseness scores. A large number of patients in both treatment groups reported scores of zero (27/63 in the air group and 27/62 in the saline group). The median sore throat score in the air group was 4 while in the saline group it was 7. The difference of 3 points (95% CI -5.6 to +9.3) was not statistically significant (P=0.75). The distribution of hoarseness scores was similar, although the proportion of those reporting zero hoarseness was lower (18/63 in the air group and 14/62 in the saline group). The median hoarseness score in the air group was 26 and in the saline group 23.5. This difference (2.5 points, 95% CI -9.2 to +10.0) was not statistically significant (P=0.91).
The overall proportion of patients who reported sore throat and/or hoarseness as a significant part of their postoperative discomfort was 15.0%: 15.9% (10/63) patients in the air group and 14.5% (9/62) in the saline group. The difference (1.4%, 95% CI -11.2% to +13.9%) was not statistically significant (P=0.76).
The mean cuff pressures in both groups at the start and end of the procedure are summarized in Table 2 . The cuff pressure in the air group rose significantly during the period of intubation and at the end of the procedure differed significantly from the pressure in the saline group. (Saline group 14.6 mmHg, air group 40.3 mmHg, difference 25.8 mmHg (95% CI +19.2 to +32.3 mmHg), P<0.0001.)
Those who complained of a significant sore throat or hoarseness did not have significantly longer intubation times (mean duration of intubation in minutes 154 versus 137, difference 17 (95% CI -16.5 to 50.1), P=0.32), or significantly higher cuff pressures (mean cuff pressure in mmHg 50.9 versus 39.1, difference 11.8 (95% CI -4.7 to 28.3), P=0.16). Similarly, there was no significant relationship between sore throat or hoarseness and multiple passages of the laryngoscope, (significant sore throat or hoarseness in 14% of those requiring single pass versus 18.8% of those requiring multiple passes, difference 4.8% (95% CI -10.6 to 20), P=0.52).
There was an association between the presence of a gastric tube and sore throat. The median sore throat score in those who had a gastric tube (n=97) was 10.0 while in those who did not have a gastric tube (n=28) it was zero. The difference (10 points, 95% CI +2.2 to +17.7) was statistically significant (P=0.03). The possible confounding by presence of a gastric tube on the risk of significant sore throat/hoarseness was examined by stratified analysis using the Mantel Haenszel technique. In those who had a gastric tube placed there may have been a greater risk of problematic sore throat/hoarseness in the air group than the saline group. The relative risk (RR) of sore throat/hoarseness with gastric tube placement in the air group is 1.41 (95% CI 0.50 to 3.97). However, in those who have not had a gastric tube placed, there may conversely have been increased risk associated with the use of saline (RR 0.43, 95%CI 0.02 to 3.26). The P value on testing for heterogeneity between these groups was 0.43, indicating there is no difference between the strata and the pooled RR was 1.23 (95% CI 0.46 to 3.26). On allowing for possible confounding by gastric tube placement therefore, while there may have been some increase in risk with the use of air to inflate the cuff, the estimated increase in risk does not reach statistical significance.
DISCUSSION
The incidence of significant sore throat and/or hoarseness following tracheal intubation for surgical procedures up to six hours in duration was 15.0% in this study. This is lower than many previous estimates [5] [6] [7] [12] [13] [14] , but is very comparable to the 14.4% estimated by Christensen et al in a recent prospective review of 1325 patients 27 . There is no evidence from this study that the use of saline to inflate the TT cuff confers any benefit in this regard.
Previous work has usually relied on an observer to assign a single combined score, on a scale from 0 to 3, for postoperative sore throat and hoarseness. Any degree of sore throat/hoarseness above a score of 0 is recorded as these complications being present, no matter how trivial the complaint. In our study, 43% of patients reported a VAS for sore throat above 0 and it is this figure that directly compares with the estimates of Loeser et al of 38 to 47% 5, 6 or Jensen et al of 63% 7 using similar cuffs. The use of the VAS in our study allowed the patient to express directly their own appreciation of a symptom without interpretation or quantification by an assessor. Initially developed for the assessment of chronic pain, this technique has been widely validated in numerous clinical settings for the assessment of acute and chronic pain [28] [29] [30] [31] . Recent data suggest there may be considerable inaccuracy in the estimation of This study failed to demonstrate any significant clinical benefit from the use of saline in the TT cuff compared with the usual practice of inflating the cuff with air. While there was some indication of a slight benefit with regard to sore throat scores, this study suggests that any such benefit is unlikely to be clinically important. The principal effect of the use of saline is to keep cuff-tracheal pressure low during the course of an operative procedure by the prevention of inward diffusion of nitrous oxide. This effect has been clearly demonstrated and quantified in vivo for the first time in our study.
Analysis of postoperative sore throat and hoarseness according to the final cuff pressure achieved suggests that CTP has little influence. This is likely to be the principal reason behind the failure to demonstrate any protective effect of using saline to inflate the TT cuff and confirms the impression of Loeser et al 5 . We have demonstrated this for the first time while controlling for cuff design. Our study also demonstrates that the time a TT is in situ is not a significant determinant of postoperative sore throat or hoarseness, at least for the duration of operations studied here.
Previous prospective studies have excluded patients who were perceived to be at risk of sore throat or hoarseness from other causes than those related to the presence of a TT. Our study included individuals who were difficult to intubate or had a gastric tube inserted. Although numbers are small, our study found no evidence for increased postoperative sore throat or hoarseness in those who require more than one pass of the laryngoscope in order to be successfully intubated, supporting the finding of the prospective review by Christensen et al 27 . The presence of a gastric tube was associated with significantly higher sore throat but not hoarseness scores reported by the patients in this study. This is not an unexpected finding when the anatomical position of the gastric tube is considered, but does serve to illustrate the potential problem of combining these postoperative symptoms into a single score.
In conclusion, this study has determined the incidence of postoperative sore throat and hoarseness following intubation using either air or saline to inflate the TT cuff. While using saline successfully avoids the increase in CTP observed when air is used, there is no evidence that this manoeuvre reduces significantly the incidence of either sore throat or hoarseness during procedures from one to three hours duration. The placement of a gastric tube is associated with a significant increase in the incidence of postoperative sore throat but not hoarseness. The main determinants of these side-effects may be related to TT and cuff design and perhaps to patient factors that have not yet been identified.
This study should not be used to justify the application of high pressures to the tracheal mucosa during general anaesthesia. Rare complications following short-term intubation, such as tracheal stenosis or acute tracheal rupture, may be more common when CTP is high and a very large study would be required to attain sufficient power to confidently exclude this possibility. Should low CTP be desired during anaesthesia, simply inflating the cuff with saline rather than air would appear to be a safe, simple and effective alternative. This paper is drawn from a larger work submitted (by MHB) as a treatise for partial satisfaction of the requirements for Master of Medicine in Clinical Epidemiology (Sydney University).
